Summilary. The effects of representative respiratory inhijbitors were ilnvestigated on the coupled respiration of mung bean nitochondria tusing succinate and l-malate as substrates. The inthibitors studied were: (I) mlalonate, (II) The inhibition of respiratory electron transport in both plant and animal mitochondria has been shown repeatedly !to be achieved bv the following 4 classes of inhibitors (cf. 9,12, 15, and (IV) inhibitors of cytochrome c oxidase. Class I inclutdes the classical inhibitor, malonate, which acts as a specific, competitive invhibitor of succinic dehydrogenase. From the wrork on animal mitochondria, the class II inhibitors, amytal and rotenone, are considered to act at the same site in the oxidation of NAD~-linked substrates (7, 10, 27, 28) . The site of inhibitory action of antimycin A and 2-alkyl-4-hydroxyquinoline N-oxide has been localized, particularly fromii spectrophotometric observations, betweeln cytochromlie b and cytochrome c of the respiratory chain (1, 4, 5, 8, 13, 20, 26) . Cyanide and azide are among the classical inhibitors of cytochrome oxidase (16, 21, 22, 31, (34) (35) (36) 38 
Summilary. The effects of representative respiratory inhijbitors were ilnvestigated on the coupled respiration of mung bean nitochondria tusing succinate and l-malate as substrates. The inthibitors studied were: (I) mlalonate, (II) amytal and rotenone, (III) antimycin A and 2-n-nonyl-4-hydroxyquinoline N-oxide (NOQNO), and (IV) cyanide and azide.
Malonate inhibition of succinate oxidation follows a classical type of competitive inhibition with an inhibitor dissociation constant of 0.13 mM. There is no inhibition detectable when malate is used as substrate. In contrast to animal mitochondria, amytal is capable of inhibiting 20 to 40 % of succinate oxidation and 90 to 100 % of inalate oxidation, but inhibition due to rotenone amounts to -only 0 to 20 % of succinate oxidation and 40 to 50 % of malate oxidation. The half-nmximal inhibition caused by amytal occurs at 2 to 2.5 mum and that by rotenone at 3 mamoles/nmg protein.
The m-aximal inhilbition caused by either antimycin A or NOQNO is 70 to 80 % of the state 3 respiration. Very little inlhibition was observed on the state 4 respiration, and both inhibitors were capable of titrating stoichioletrically iwitlh mitochondrial; proteini with identical titers, 0.22 mjumoles/ing iprotein for half-maximal inhibition. Thev differ, however, in that NOQNO does unicouple oxidative phosphorylation in llluiig bean mitochondria, but antimycin A does not do so. Botlh cyanide and azide inhibit the state 3 rate 65 to 80 %. Inhibition of state 4 respiration; can ibe up to 50 % by cyanide, whilc almost none by azide. Uncoupling action was noted with cyanide, but very little with azide.
It is concluded that the second state 3 rate of succinate oxidation includes 80 % succinoxidase, the remaining 20 % being contributed by the NADH pathway. Malate oxidation apparently does not involv e succinoxidase. Malate oxidation is completely sensitive to amytal, but onJy 50 % inhibited by rotenone. A difference between animal and iplant mitochondria appears to be in the flavoproteins associated with NADH oxidation.
From the observations that antimycin A, NOQNXO, cyanide, and azide do not cause complete inhibition, it is suggested that a leakage of electrons to oxygen exists before the site of inhibition of antimycin A or NOQNO.
The inhibition of respiratory electron transport in both plant and animal mitochondria has been shown repeatedly !to be achieved bv the following 4 classes of inhibitors (cf. 9,12, 15, and (IV) inhibitors of cytochrome c oxidase. Class I inclutdes the classical inhibitor, malonate, which acts as a specific, competitive invhibitor of succinic dehydrogenase. From the wrork on animal mitochondria, the class II inhibitors, amytal and rotenone, are considered to act at the same site in the oxidation of NAD~-linked substrates (7, 10, 27, 28) . The site of inhibitory action of antimycin A and 2-alkyl-4-hydroxyquinoline N-oxide has been localized, particularly fromii spectrophotometric observations, betweeln cytochromlie b and cytochrome c of the respiratory chain (1, 4, 5, 8, 13, 20, 26) . Cyanide and azide are among the classical inhibitors of cytochrome oxidase (16, 21, 22, 31, (34) (35) (36) 38) .
The literature on plant mitochondrial respiration has so far emphasized qualitative similarities and dis- (7, 11) .
It has beenl observed with animal mitochondria that amvtal inhibits the oxidation of NAD+-linked substrates (11, 30) . In agreement with this concept, figure 3 shows strong amytal inhibition of malate oxidation. When amyltal was applied during state 1, both the first state 4 and -the first state 3 rates were inhibited (fig 3. ), wlhereas amlvtal introduced during the second state 4 inhibited primarily the second state 3 (fiig 3'B). The half-maximal inhibition is about 2 ml for the fiirst state 4 and the first and the secon(d state 3's. This value is in agreement with the titer with pigeoni heart initochondria (7), but is 1 order of magnitude higher than those reported for other animal mitochondria (7, 11, 30) . The oxidation of malate was slightly uncoupled by this chemical with the method 1 application; the ADP :O ratio decreased from 2.3 for control to 1.8 for 3 mm amytal. Effects of Antiniycin A and NOQNO. Figure 5 illustrates the sensitivity of succinate oxidation, to antimycin A. The first and second state The above observation that the same value of half-maximal inhibition was obtained for both succinate and malate oxidation indicates that the same antimnvcin A sensitive electron transport chain is utilized 'for the oxidation of both succinate and NADH, in the manner identical to the electron transport system in animal mitochondria (of. 9). It has been reported with phosphorylating and non-phosphlorvlating animiial mitochondria that the inhibiting concentration of antimycin A changes with the protein concentration of preparations used ( 14, 29, 33) . In the following experiments, therefore, the inhibition by antirnvcin A was ititrated against variouls concentratioins of iiiitochondria. For this ipurpose, the procedure used in figure 6B was applied and the secon(l state 3 rate was recorded. The sulmmary of a series of experiments is shown in figure 7A . Rotenone has been claimed to be by far the most potent inhilbitor of the electron transport system of animal mitochondria and its titer value changes lineariy with mitochondrial concentrations (7, 10, 27, 28 4) . Clearly this chemical is at least 500 times less effective on mung bean mitochondria than it is otn rat liver mitochondria. The half-maximal inhi.bition by amytal is attained at 0.2 to 0.5 mm (rat liver mitochondria; 7, 11) and 2 mm (pigeon heart mitochondria; 7). Our value of 2 to 4 mm for the value of Ki' for amytal agrees closely with that of pigeon heart mitochondria. The difference in 'Ki values between rotenone and amytal witlh animal mitochondria is as much as 4 orders of magnitude. Both chemicals, at high concentrations, apparently inhibit completely NAD -linked substrate respiration (7, 10, 27, 28) . These results indicate a 'strong dissimilarity in the action of amytal and rotenone between aniimal and plant mitochondria.
Amvtal inhibition of succinate oxidation is found in animn-al niitochondria, the lhalf-maximal efifect is at 2.5 qnirt withl succinate alone (30) and at 7 imiNr in the preselnce of glutamate (/7). Rotenone inhibition, of sticcinate oxidation lhas, ihowever, not been reportedl withl animal mitochondria.
Tllhe site of action of amytal alnd rotenone has been identified to be on the substrate side of cvtochrome b (7, 28) , probably on the substrate side of fla'voprotein (7) . Furthermore, rotenone is generally considered from the work *on animal tissue and mitochondria to mimic practically all the known features of the amytal effects on the electron transport svstem: both chemicals specifically inhibit the NAD+-linked respiration of mitochondria (7, 10, 27, 28) . Ouir re-sults (figs 3 and 4) in general, agree with this concept. However, the observations that amytal is capable of brin-ging about 90 % inhiblition and rotenone only 40 to 50 % inhibition of malate state 3 point out a difference in the mode of the 2 inhibitors. In succinate oxidation the maximal inhibition observed was 40 % with amvtal, whereas it was 20 % with rotenone. Furthermore, with the meth-od 1 application, amytal inhibits the first state 3 of succinate oxidation by about 20 %, 'while rotenone does not inhiibit this state at all. All these observations point out that rotenone is a more sipeci'fic inhibitor of the oxidation of NAD+-linked 'substrates, whereas amy-tal causes some in.hibition of succinoxidase system as well. I f this is the case,, the difference between plant and animal mitochondria is associated 'with the flavoproteins in the intra-mitochondrial NADH oxidase path.
The pattern of inhibition by the third group of inhibitors has been demonistrated spectroscopical;ly between cytochromes b and cytochromes c in animal mitochondria (4, 5, 8, 14, 20, 26 oxidation is inhibited by rotenone while the effect of amytal ils near complete suggests that only one-half of malate oxidation is channeled through the rotenonesensitive NAIDH path and the other half probably through an amvtal-sensitive path.
We have previously noted that in succinate oxidation, the 'first state 4 is about 50 % and the first state 3 rate about 25 % less than the subsequent rates of respective istates (18) . From the study of phosphorylation inhibitors, it was concluded that mung bean mitochond.ria lack endogenous substrates, ATP, and/or "high energy intermediates" (19) . In view of all the points discussed above, it can be concluded that both the first states 4 (VII) respiratory inhibitors acting in the middle or at the end of the electron transport system do not completely inhibit state 3 respiration by mung beanl mitochondria; (VIII) the titers of antimycin A, NOQNO, and carbonyl cyanide m-chlorophenylhydrazone on mung bean mitochondria are about 5 times higiher than those reported with rat liver mitochondria, while the titer value of oligomycin is about 5 times less on mung bean mitochondria than on rat liver mitochondria; and (IX) inhibition by rotenone on mung bean mitochondria is about 500 times less efifective than that on rat liver mitochondria. In addition to these, spectroscopic studies have revealed diifferences between plant and animal mitochondria (2, 3, 23) .
Similarities and dissimilarities between the 2 tvpes of mitochondria so far compared, lead to a conclusion that mung bean mitochondria contain not only an electron tran-sport chain of the animal type, hult also another oxidation pathway as well (cf. 16).
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